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ABSTRACT 



A non-linear distortion compensation circuit, a transmission 
equipment employing the same and a mobile transmission 
equipment may accurately compensate distortion caused by 
non-linearity of a transmitter per bit (symbol) even while the 
base station is performing transmission power control for the 
transmitter of the mobile station. The non-linear distortion 
compensation circuit in a transmission equipment controls a 
transmission power depending upon an external transmis- 
sion power control information upon transmission of a 
digital signal. The non-linear compensation circuit has com- 
pensation component generating means for generating a 
compensation component for a non-linear distortion depend- 
ing upon a transmission power per bit of the digital signal 
and the transmission power control information, and com- 
pensating means for compensating the non-linear distortion 
of the transmission signal by the compensation component. 

24 Claims, 8 Drawing Sheets 
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NON-LINEAR DISTORTION 
COMPENSATION CIRCUIT, TRANSMITTER 
DEVICE TO BE EMPLOYED IN THE SAME 
AND MOBILE COMMUNICATION UNIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a non-linear 
distortion compensation circuit, a transmitter device to be 
employed in the same and a mobile communication unit. 
More particularly, the invention relates to a control system 
for a non-linear distortion compensation circuit for compen- 
sating non-linear distortion to be caused by non-linearity of 
an amplifier or a frequency converter. 

2. Description of the Related Art 

In general, it has been known a linearizer as a non-linear 
distortion compensation circuit for compensating non-linear 
distortion caused by non-linearity of an amplifier, a fre- 
quency converter or the like forming a transmitter to be used 
in a radio communication. As the linearizer, one taking 
output only non-linear signal from a transmission signal 
transmitted and compensating non-linear distortion by sub- 
tracting the taken out non-linear distortion signal, or one 
preliminarily multiplying a signal having distortion com- 
pensating characteristics to a transmission signal before 
radio transmission process, such as frequency conversion, 
amplification and so forth with taking a non-linear distortion 
to be caused in the transmitter into account, for compensat- 
ing distortion. 

On the other hand, it has been known that non-linear 
distorti on caused by non-lincarity^oi.the^amplifieE^fceq uencv 
convert er and so forth formin g T tbeJransmiU er.tQ ^-Used in 
racho communication appears as a leak current in a fre- 
quency bando^channej^on transmission and in a frequency 
band of an^o facent^banne l^f the channel on transmission 
and the leaTTcurrent' ' increases according of increasing of 
transmission power. Particularly, a power leaking to adjacent 
channel is known as an adjacent-channel leak power. The 
adjacent-channel leak power caused by the transmitter may 
affect for other radio equipment communicating using the 
adjacent channel to cause degradation of reception charac- 
teristics. 

Next, discussion will be given for influence of adjacent- 
channel leak power caused by radio equipment employing a 
spread spectrum communication system (CDMA system: 
Code Division Multiple Access system) performing multi- 
plex communication by spreading spectra of communication 
signals as a communication system employed in a mobile 
communication, for other communication system. 

In the CDMA system, spreading of spectra of communi- 
cation signals is performed employing a spreading code, 
such as pseudo noise code (PN code: Pseudo random Noise 
code), and communication signals are identified by the 
spreading code. Therefore, the CDMA system is character- 
ized by capability of simultaneous communication of a 
plurality of radio equipments and a plurality of channels at 
the same frequency. The CDMA system is also characterized 
by the fact that, upon demodulating a received signal, 
demodulation of the received signal cannot be accomplished 
unless multiplying the same spreading code as that used in 
spreading on transmission side at the same timing as that in 
the transmission side, and the received signal spread by 
different spreading code or the received signal spread at 
different timing, namely the signals used for communication 
by other radio equipments or the signals of other channels 
are fallen as noise within a reception band currently on 
reception. 
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Here, consideration is given for the case where a base 
station of mobile communication is present, where a plural- 
ity of mobile stations are present in distal position and 
proximal position of the base station and where communi- 

5 cation is performed by CDMA system. When the mobile 
stations at distal position and the proximal position of the 
base station are communicating with the base station using 
the same frequency and the same transmission power, as 
viewed at a receiving end of the base station, the transmis- 

0 sion power of the mobile station communicating at the 
proximal position of the base station is higher than that of 
the mobile station communicating at the distal position to 
submerge the transmission signal of the mobile station at the 
distal position in the transmission signal of the mobile 

15 station at the proximal position. This has been known as a 
far-near problem. In view of the characteristics of the 
CDMA system, even when the base station demodulates the 
signal transmitted from the distal mobile station, the trans- 
mission signal of the distal mobile station cannot be 

M demodulated correctly since the signal of the proximal 
mobile station falls with the reception band as noise. 

In the CDMA system, the far-near problem is solved by 
performing transmission power control at high precision and 
high accuracy relatively frequently. Namely, by performing 

25 transmission power control, a transmission power of the 
proximal mobile station is controlled to be lower power and 
a transmission power of the distal mobile station is con- 
trolled to be higher power. For transmission at higher power 
by the mobile station, the frequency converter and/or the 

30 amplifier forming the transmitter of the mobile station has to 
be operated at non-linear region thereof. As a result, non- 
linear distortion of the transmission signal increases at 
higher level of the transmission power. Namely, the 
adjacent-channel leak power transmitted from the transmit - 

3S ter is increased. Influence of the adjacent-channel leak 
power to other system will be discussed with reference to 
FIG. 6. 

FIG. 6 illustrates a mobile communication system includ- 
ing a mobile station 101, a mobile station 102, a base station 

40 103, a base station 104, a cell 105 and a cell 106. Here, 
consideration is given for the case where the base station 103 
and the base station 104 perform communication using the 
CDMA system, and carriers of the base station 103 and the 
base station 104 are different. The cell 105 represents a 

45 service area of the base station 103 and is extended in the 
vicinity of the base station 104. On the other hand, the cell 
106 is the service area of the base station 104. 

When the mobile station 102 is in communication with 
the base station 104 at proximal position to the base station 

50 104 and the mobile station 101 is in communication with the 
base station 103 with traveling from proximal position to the 
base station 103 to distal position thereof, the transmission 
power and the adjacent-channel leak power of the mobile 
station 101 increase according to traveling toward the distal 

55 position by transmission power control of the base station 
103 to the mobile station 101. When the mobile station 101 
approaches to the base station 104, the transmission power 
and the adjacent-channel leak power of the mobile station 
101 arrive to the base station 104 at higher power. 

60 If the communication frequency used by the base station 
103 and the communication frequency used by the base 
station 104 are adjacent with each other, the transmission 
power transmitted from the mobile station 102 may sub- 
merge in the adjacent -channel leak power transmitted from 

65 the mobile station 101, In such case, a problem is encoun- 
tered in that the base station 104 cannot receive the signal of 
the mobile station 102 correctly. This is because that the 
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transmission power of the mobile station 102 is lower power 
for transmission power control of the base station 104 in the 
mobile station 102. 

As a solution for this problem, a linearizer for compen- 
sating non-linear distortion of the transmitter is employed. 
As set forth above, as the linearizer, one taking output only 
non-linear signal from a transmission signal transmitted and 
compensating non-linear distortion by subtracting the taken 
out non-linear distortion signal,^ onepre liminarily multi- 
plying a signal having distortion compensating characteris- 
tics to a transmission signal before radio transmission 
process, such as frequency conversion, amplification and so 
forth with taking a non-linear distortion to be caused in the 
transmitter into account, for compensating distortion. The 
former is not practical for increasing of current consumption 
due to increasing of circuit scale and for complexity of 
process. Therefore, the latter is primarily used as the non- 
linear distortion compensation circuit. Pa rticularly, the la ter 
linearizer is ca lled as pr e - ^ t ortio 

T^ior'art used in such pre-distortion typeline arize r is 
shown in FIG. 7. It should be noted that the construction 
shown in FIG, 7 has been disclosed in Japanese Unexamined 
Patent Publication No. Heisei 10-23095. Referring to FIG. 7, 
a transmission signal is consisted with two-system of data, 
i.e. digital I data and Q data which are supplied to respective 
input terminals 21 and 22. These input data are supplied to 
a pre-distorter 25 via FIR filters 23 and 24 to obtain digital 
I data and Q data superimposed an inverted component o f 
tEenon-linear-distortion caused by a variaBle r^w e rjrnpli- 

fiej33T~ 

To the pre-distorter 25, a transmission power control 
signal from a transmission power controller 34 is supplied in 
addition to I and Q data. The pre-distorter 25 derives the 
inverted component of the non-linear distortion by arith- 
metic process on the basis of the transmission power control 
signal and I and Q data. The inverted component thus 
derived is superimposed on the I and Q data. An output data 
of the pre-distorter 25 is converted into an analog signal by 
a D/A converter 26 and then is modulated by the modulator 
27 with an output of an oscillator 28. Thus, I and Q signals 
(data) are modulated by orthogonal modulation. On the 
other hand, for CDMA system, spreading process by the 
spreading code is performed by the modulator 27. 

Then, the transmission signal thus modulated by spread- 
ing is supplied to a variable power amplifier 29 to be 
amplified with an amplifier gain determined by a transmis- 
sion power control signal from a transmission power con- 
troller 34. By this amplifier 29, non-linear distortion can be 
caused. An amplified output is mixed with an oscillation 
frequency from a frequency synthesizer 31 in a mixer 30 and 
then is transmitted as radio signal from an antenna 33 with 
amplification with a given gain by an amplifier 32. 

It should be noted that the transmission power control 
signal output from the transmission power controller 34 is 
generated on the basis of a power control information bit 
input from a terminal 35 and a reception level information 
signal input from a terminal 36. Here, the power control 
information bit is a power control information bit data 
contained in the signal transmitted to own radio transmitter 
device from a counterpart (generally, the base station) to 
communicate. On the other hand, a reception level informa- 
tion signal is information of a reception level of a reception 
signal transmitted from the base station. 

Thus, occurrence condition of non-linear distortion in the 
power amplifier 29 variable of amplifier gain can be accu- 
rately judged by the pre-distorter 25. Then, on the basis of 
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occurrence condition of the non-linear distortion as judged, 
compensation component as inverted component of the 
non-linear distortion can be generated. With the compensa- 
tion component, even when the amplifier gain is varied by 

5 the power amplifier 29, accurate distortion compensation 
corresponding to the amplifier gain can be performed. 

Next, discussion will be given for a relationship between 
the conventional transmitter shown in FIG. 7 and a trans- 
mission power control effected for the mobile station 

10 (mobile communication equipment) by the base station. In 
case of CDMA system, the base station may discriminate the 
channel on reception or the mobile station in communication 
by the spreading code. Therefore, the base station may 
discriminate a power of a desired wave on reception and 

15 power of other reception signals, from the reception signal 
and thus can derive S/N ratio of the channel on reception. 
Transmission power control is performed depending upon 
the S/N ratio of the channel on reception. Namely, the base 
station derives a power of the desired wave and a power of 

20 interfering wave for deriving the S/N ratio of the channel on 
reception. 

When the S/N ratio is less than or equal to the predeter- 
mined value, the base station transmits the control signal for 
increasing power of the transmission signal of the mobile 

25 station to the mobile station. On the other hand, when the 
S/N ratio is greater than the predetermined value, the base 
station transmits the information for reducing the transmis- 
sion power so that the transmission power of the mobile 
station on communication will not interfere communication 

30 of other mobile station in communication. Calculation of 
S/N ratio executed by the base station is performed per time 
slot forming the transmission frame transmitted by the base 
station. Thus, the transmission control information is 
updated per time slot. A relationship between the transmis- 

35 sion frame transmitted by the base station and the transmis- 
sion power control information transmitted is shown in FIG. 
8. Process of transmission power control to be executed will 
be discussed with reference to FIG. 8. 

40 Referring to FIG. 8, one frame to be transmitted is 
consisted of n in number of time slots TS1 to TSn. One slot 
is consisted of the control information, transmission power 
control information and communication data. The mobile 
station on reception of the signal transmitted by the base 

45 station demodulats to extract the transmission power control 
information from the demodulated reception signal and 
performs transmission power control of the transmitter per 
time slot. 

In this case, the compensation of the non-linear distortion 
50 performed on the basis of detected transmission power of the 
signal transmitted in the time slot TSi at a certain timing may 
compensate distortion of the transmission signal transmitted 
in the next time slot TS(i+l). However, since the transmis- 
sion signal transmitted in the time slot TS(i+l) is differen- 
55 tiated the transmission power from the transmission power 
in the time slot TSi by the transmission power control, 
correct non-linear distortion compensation cannot be per- 
formed. 

As set forth above, in the prior art, the non-linear distor- 
60 tion compensation to be performed on the basis of detected 
transmission power transmitted in the time slot TSi at a 
certain timing is effected for distortion compensation of the 
transmission signal of the transmission in the next time slot 
TS(i+l). However, since the transmission power transmitted 
65 in the time slot TS(i+l) is differentiated from the transmis- 
sion power of the time slot TSi, correct non-linear distortion 
compensation cannot be performed. 
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On the other hand, it becomes important to perform the ponent per bit. The compensation component generating 

distortion compensation by the pre -distorter per bit (symbol) means may calculate the transmission power per bit on the 

consisting the transmission data in each time slot of the basis of an instantaneous transmission power value and an 

transmission signal in order to make it accurate. However, in average value of the transmission power, and generate the 

the construction shown in FIG. 7, compensation per bit 5 compensation component per bit according to the result of 

(symbol) is not considered at all. calculation and the transmission power control information. 

The compensation component generating means may com- 

SUMMARY OF THE INVENTION prise storage means for preliminarily storing a compensation 

. . ± . . . A . . A ., data as the compensation component and address generating 

An object of the present invention is to provide a non- mcans for generating an address of the storage means on the 

linear distortion compensation circuit, a transmission equip- 10 b ^ Qf the transmission power per bit md the transmission 

ment employing the same and a mobile transmission power contro i information. The address generating means 

equipment, in which a mobile station can accurately com- may be constructed to generate the address by addition of the 

pensate distortion caused by non-linearity of a transmitter transmission power per bit and the transmission power 

per bit (symbol) even while the base station is performing control information. The address generating means may 

transmission power control for the transmitter of the mobile 15 d er j ve (he transmission power per bit is calculated by 

station. addition of an instantaneous transmission power and an 

According to the first aspect of the present invention, a average value of the transmission power. The transmission 

non-linear distortion compensation circuit in a transmission signal may be a time slot type, the external transmission 

equipment for controlling a transmission power depending power control information may be set for controlling the 

upon an external transmission power control information 20 transmission power per transmission time slot, the address 

upon transmission of a digital signal, comprises: generating means may derive the transmission power per bit 

compensation component generating means for general- by addition of an average power value of a transmission time 

ing a compensation component for a non-linear distor- slot at a certain timing and an instantaneous power value per 

tion depending upon a transmission power per bit of the each bit of subsequent transmission time slot. The transmis- 

digital signal and the transmission power control infor- 25 sion power control information may be information for 

mation; and transmission power control for subsequent transmission 

compensating means for compensating the noD-linear ^mc slot. The storage means may be a read-only memory, 

distortion of the transmission signal by the compensa- The transmission power control signal may be respec- 

tion component. lively superimposed per time slot of the signal transmitted 

According to the second aspect of the present invention, fr° m lne Dase station, 

a transmission equipment comprises: In me operation of the present invention, ROM address 

a transmitter including component which causing non- depending upon the transmission power per bit of the 

linear distortion' transmission signal and the transmission power control 

' . . .... information is generated by the address generating portion 

a non-linear efctorhon compensation circuit in a trans- 35 generating the address of compensation data storage 

mission equipment for control mg a transmission rom storing the non-linear distortion data to be used for 

power depending upon an external transmission power fofmi ^ ^Mion by , he pre -distortion type 

control information upon transmission of a digital {j nearizcr 6 p articulatl thc transmission p0 wer control infor- 

signal, including compensation component generating mation reflect ^ ^ ^ ^ ^ 

means for generating a compensation component lor a 40 J 

non-linear distortion depending upon a transmission BRIEF DESCRIPTION OF THE DRAWINGS 

power per bit of the digital signal and the transmission presen t invention will be understood more fully from 

power control information, and compensating means tne detailed description given hereinafter and from the 

for compensating the non-linear distortion of the trans- accompanying drawings of the preferred embodiment of the 

mission signal by the compensation component. 45 presen t invention, which, however, should not be taken to be 

According to the third aspect of the present invention, a limitative to the invention, but are for explanation and 

mobile communication equipment comprises: understanding only. 

a receiver receiving a signal from a communication j n ^ e d raw ings: 

counterpart, the signal containing a transmission power pig. 1 is a block diagram of the preferred embodiment of 

control information; 50 ^ prese nt invention; 

a transmission equipment comprising a transmitter FIG 2 is an illustration showing a particular construction 

including component which causing non-linear of a transmitter of FIG 1; 

distortion, a non-linear distortion compensation circuit fig. 3 is a general flowchart showing operation of the 

m a transmission equipment for controlling a transmis- . . 

, j. 4 , t . . ee present invention 

sion power depending upon the transmission power 55 r . . „. . , , , 

control information upon transmission of a digital FIG. 4 is an illustration showing an amplitude and phase 

signal, including compensation component generating characteristics f<* an output power of a power amplifier; 

means for generating a compensation component for a FIG - 5 15 an ^lustration showing a relationship between a 

non-linear distortion depending upon a transmission reception time slot on reception side and a transmission time 

power per bit of the digital signal and the transmission 60 slot on transmission side; 

power control information, and compensating means FIG. 6 is an illustration for explaining influence of an 

for compensating the non-linear distortion of the trans- adjacent-channel leak power to other system; 

mission signal by the compensation component. FIG. 7 is a block diagram showing a prior art of the 

The compensation component generating means may conventional mobile station; and 

generate the compensation component per bit, and the 65 FIG. 8 is an illustration showing a relationship between a 

compensation means may perform compensation of the transmission frame transmitted by a base station and a 

non-linear distortion according to the compensation com- transmission power control information transmitted. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will be discussed hereinafter in 
detail in terms of the preferred embodiment of the present 
invention with reference to the accompanying drawings. In s 
the following description, numerous specific details are set 
forth in order to provide a thorough understanding of the 
present invention. It will be obvious, however, to those 
skilled in the art that the present invention may be practiced 
without these specific details. 10 

FIG. 1 is a schematic block diagram showing an overall 
construction of the preferred embodiment of a mobile station 
according to the present invention. Referring to FIG. 1, a 
reception signal from the antenna 1 is input to a receiving 
portion 3 via an antenna multicoupler 2 for reception process 
to be extracted I and Q of a base band signal. Thereafter, the 
I and Q components thus extracted are input to a demodu- 
lating portion 4 for demodulation process (dispreading 
process), and then is output from a speaker 6 as an audible ^ 
sound after error correction in an error correcting portion 5. 

On the other hand, a voice signal from a microphone 7 is 
converted into a digital signal by a transmission signal 
generating portion 8 and then subject to a linear modulation 
process (generally, QPSK modulation process) to be lead as 
signals of I and Q components. Subsequently, compensation 
of non-linear distortion is performed by a pre-distortion type 
linearizer 9. Then, transmission process is performed by a 
transmitting portion 10. Thereafter, a radio wave signal as a 
transmission signal is transmitted through the antenna via a 3Q 
directional coupler 11 and the antenna multicoupler 2. 

The transmission signal branched by. the directional cou- 
pler 11 is derived by an average power value per time slot 
of the transmission signal input to an average power calcu- 
lating portion 12. On the other hand, the I and Q components 35 
as output of the transmission signal generating portion 8 is 
input to an instantaneous power calculating portion 13. 
Thus, the instantaneous transmission power is calculated per 
bit (symbol). Furthermore, the transmission power control 
information is detected from output of the error correcting 40 
portion 5 by transmission power control information detect- 
ing portion 15. It should be noted that the transmission 
power control information is not supplied to the speaker 6. 

Respective outputs of the average power calculating por- 
tion 12, the instantaneous power calculating portion 13 and 45 
the transmission power control information detecting por- 
tion 15 are supplied to an address generating portion 14 for 
generating an address for accessing a compensation data 
storage ROM 16. By the address thus generated, a compen- 
sation data is read out to be supplied to the pre-distortion 50 
type linearizer 9. 

A construction of the transmitting portion 10 is shown in 
FIG. 2. The transmitting portion 10 is constructed with a 
D/A converter 501, an orthogonal modulator 502, a variable 
gain amplifier 503, an intermediate band pass filter 504, a 55 
frequency converter (mixer) 505, a first radio frequency 
band pass filter 506, an amplifier 507, a second radio 
frequency band pass filter 508, a transmission amplifier 509, 
a first local oscillator 510 and a second local oscillator 511. 

The D/A converter 501 converts the transmission signal of 60 
an intermediate band from digital signal to analog signal. 
The orthogonal modulator 502 performs orthogonal modu- 
lation of the transmission signal of the base band and 
performs frequency conversion into a transmission signal in 
the intermediate frequency band. The variable gain amplifier 65 
503 is an amplifier for amplifying the transmission signal 
according to received transmission power control informa- 
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tion. The intermediate frequency band pass filter 504 is a 
filter passing the transmission signal of the intermediate 
frequency band. 

The frequency converter 505 performs frequency conver- 
sion of the transmission signal of intermediate frequency 
band into the transmission signal of radio frequency band. 
The first radio frequency band pass filter 506 and the second 
radio frequency band pass filter 508 are filters passing only 
signal of a transmission band and suppressing unnecessary 
radiation caused in the frequency amplifier 505 or the 
amplifier 507. 

The amplifier 507 is an amplifier amplifying the trans- 
mission signal. The transmission amplifier 509 is an ampli- 
fier for amplifying the transmission signal up to a power for 
transmission through the antenna. The first local oscillator 
510 is an oscillator for oscillating a local oscillation signal 
to be used upon frequency conversion in the frequency 
converter 505. The second local oscillator 511 is an oscil- 
lator oscillating a local oscillation signal to be used upon 
frequency oscillation in the orthogonal modulator 502. 

I and Q component signal input ends of the D/A converter 
501 match with I and Q component signal input ends of the 
transmitting portion 10 and an output end of the transmis- 
sion amplifier 509 matchs with an output end of the trans- 
mitting portion 10. The I and Q component signal output 
ends of the D/A converter 501 are connected to the I and Q 
component signal input ends of the orthogonal modulator 
502. An intermediate frequency band signal output end of 
the orthogonal modulator 502 is connected to an input end 
of the variable gain amplifier 503. An output end of the 
variable gain amplifier 503 is connected to an input end of 
the intermediate frequency band pass filter 504. An output 
end of the intermediate frequency band pass filter 504 is 
connected to an intermediate frequency band signal input 
end of the frequency converter 505. A radio frequency band 
output end of the frequency converter 505 is connected to an 
input end of the first radio frequency band pass filter 506. 

An output end of the first radio frequency band pass filter 
506 is connected to an input end of the amplifier 507. An 
output end of the amplifier 507 is connected to an input end 
of the second radio frequency band pass filter 508. An output 
end of the second radio frequency band pass filter 508 is 
connected to an input end of the transmission amplifier 509. 
On the other hand, an output end of the first local oscillator 

510 is connected to a local signal input end of the frequency 
converter 505. A radio frequency band output end of the 
frequency converter 505 is connected to an input end of the 
first radio frequency band pass filter 506. 

An output end of the first radio frequency band pass filter 
506 is connected to an input end of the amplifier 507. An 
output end of the amplifier 507 is connected to an input end 
of the second radio frequency band pass filter 508. An output 
end of the second radio frequency band pass filter 508 is 
connected to an input end of the transmission amplifier 509. 
Also, an output end of the first local oscillator 510 is 
connected to a local signal input end of the frequency 
converter 505. An output end of the second local oscillator 

511 is connected to a local signal input of the orthogonal 
modulator 502. A gain control signal input end of the 
variable gain amplifier 503 is connected to a transmission 
power control information output end of a transmission 
power control information unit (not shown). 

Operation of the shown embodiment will be discussed 
hereinafter with reference to a flowchart of FIG. 3. In a 
receiving portion 3, the time slot TSi is received from the 
base station (step Sll). In the demodulating portion 4, 
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demodulation process of the time slot TSi is performed (step from an inserting direction output end to be transmitted 

S12). Subsequently, in the error correcting portion 5, error through the antenna 1, and in conjunction therewith, is 

correction process of the time slot TSi is performed in the output from a coupling direction output end to be input to an 

error correcting portion 5 (step S13). Then, next time slot average power calculating portion 12. In the average power 

TS(i+l) is received (step S14). After error correction at step 5 calculating portion 12, an average power per unit time slot 

S13, in the transmission power control information detecting of mc mput transmission signal is derived to output the result 

portion 15, the transmission power control information is of detection for the address generating portion 14. At this 

extracted from the received signal of the time slot TSi (step tf 0Q mc transmission ^de, transmission of the transmis- 

S31) to be output to the address generating portion 14 It sio n time slotTCi is transmitted (step S23). Thus, an average 

should be noted that the transmission power control infor- vahlcofthc transmission power of the transmission time slot 

mation is a control information for controlling the transmis- TX? . . , . , . , , t - 

c £ , A . . , . r^,/. TSi is derived m the average power calculating portion 13 

sion power of the transmission time slot rS(i+l) on the , A ^a\a i_ , A , ,1 u 

F . ' v ' (step S34) to be output to the address generating portion 14. 

transmission side. . . . ° M , , , 

On recepiion side, when the time slot TSi is received at In the ^ dress g^ratmg portion 14 the address for 

step Sll, signal processing for the transmitted data, such as „ »«* SM ?8 * e compensaUon data storage ROM 16 is gener- 

error correction and so forth, is effected for the transmission 15 f led ^ the calculation ou put from the instan- 

data, such as voice or the like for the transmission time slot ^eous power calculating portion 13, the result of calcula- 

TsJ+l) and the transmission frame is generated according u ° n ° ut ? ut from the avera * e P™ er f lc * latm S P ortl t ° f n 12 

to a transmission frame format. Thereafter, the transmission * nd ^ transmission power control information output from 

signal is spread using the spreading code. The spread M * e fJ?™^ 1 ™ fT' "TL 

transmission signal is output separately as I component and 20 *» 1S , < st f P to ^signate the address of ROM 16. ROM 

Q component signals (step S21) TTie transmission sis als of 16 °W the non-linear distortion compensation data 

I component and Q component output fmm meTr^Ssion ^^chng to the address designated by the address gener- 

signal generating portion 8 is input to the pre-distortion type ^ P ortlon 14 to the Pre-distortion type linearis 9. 

linearizer 9. In conjunction therewith, the transmission sig- In the pre-distortion type linear iz er 9, process for com- 

nals of I component and Q component are also input to the pensating non-linear distortion oiThe I component and Q 

instantaneous power calculating portion 13. In the instanta- component signals to transmit using, the non-linear distor- 

neous power calculating portion 13, instantaneous powers of ^n compensation data input from the compensation data 

the input I component signal and Q component signal (step storage ROM 16 is performed (step S23). Then, preparation 

32) are derived to output to the address generator 14. 3Q &r transmission of the next time slot TS(i +1) is performed 

On the other hand, the I component and Q component ( ste P ^24). 

signals input to the pre-distortion type linearizer 9 are Next, discussion will be given for the compensation data 

compensated non-linear distortion by the non-linear distor- stored in the compensation data storage ROM 16 and its 

tion compensation data read out from the compensation data address. The signal to be transmitted can be expressed as a 

storage ROM 16 (step S36) and are output to the transmit- 3S function of amplitude and phase. The characteristics of the 

ting portion 10. Operation of the transmitting portion 10 will powejLa mnlifier in the tr ansmitting portioiuULis^xpressed 

be discussed with reference to FIG. 2. The I component and as characteristics or botn of amplitude and phase as shown 

Q component signals input to the transmitting portion 10 are in FIG. 4. Namely, by increasing of the output power, 

converted from digital signal into analog signal by the D/A characteristics of amplitude and phase are degraded to cause 

converter 501. 40 non-linear distortion. Therefore, it can be said that the 

The orthogonal modulator 502 performs orthogonal non-linear distortion is amplitude distortion for amplitude of 
modulation for the I component and Q component signals foe transmission signal and phase distortion for the phase of 
output from the D/A converter 501 using local oscillation the transmission signal. Ass ^ ing.t^t^mplitude distortion 
signal oscillated by the second local oscillator 511, and the caused in the transmiu^g^ and phase 
transmission signal of the base band is converted into the 45 distortion~is^AT,lhe non-linWsfetffrtion to be caused in the 
transmission signal of the intermediate frequency band. The t ransmitter 206 can be canceled by providin&fisaBPonents of 
transmission signal converted into the transmission signal of -QA and -aF_to me^fcansmission signal. Namely, the 
the intermediate frequency band is amplified according to non-linear compensation dafTstored in the compensation 
the transmission power control information by the variable data storage ROM 16 has to be data having inverted char- 
gain amplifier 503 and then input to the frequency converter 50 acteristics of amplitude distortion and phase distortion to be 
505 via the intermediate frequency band pass filter 504. caused in the transmitting portion 10. 

The gain of the variable gain amplifier 503 is variable In other words, when the transmission power can be seen, 

depending upon transmission power control information amount of amplitude and phase in the known transmission 

output by the transmission power control information detect- power can be determined in straightforward manner as 

ing portion 15. The frequency converter 505 performs 55 shown in FIG. 4. As a result, the amplitude distortion AA and 

frequency conversion of the input transmission signal of the the phase distortion AP are determined in straightforward 

intermediate frequency band into the transmission signal of manner. Accordingly, by prelimi narily storing trr campcn- 

radio frequency band using the local oscillation frequency sati on data -AA and -AEioUkU r^miss^ 

oscillated by the first local oscillator 510. The transmission l Ohe epffl p SaUjon data-may be-rcttd CT rt-frerr HteM ^wilh 

signal of the radio frequency band thus converted passes 60 ta king the_derived transmission_ p c^wer as addres s, 

through the first radio frequency band pass filter 506, the Therefore, in the present invention, the transmission 

amplifier 507, the second radio frequency band pass filter power per bit of the transmission time slot TS(i+l) is derived 

508, amplified upon to the power to be transmitted through using the average transmission power of certain time slot 

antenna 1 by the transmission amplifier 509 and then is TSi, instantaneous powers of I component and Q component 

output from the transmitting portion 10. 65 to be transmitted in the next time slot TS(i+l) and the 

The transmission signal thus output from the transmitting transmission power control information for the time slot 

portion is input to the directional coupler 11 and is output TS(i+l). Namely, the correct transmission power value per 
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bit to be transmitted finally is derived by adding the instan- 
taneous power value (per bit) of the transmission in the time 
slot TS(i+l) to be compensated to the average transmission 
power value of the one preceding transmission time slot TSi 
for deriving the transmission power value per bit, and to the 
sum thus derived, adding the transmission power control 
information for the transmission time slot TS(i+l). 

For example, if the average transmission power value is 
"10" and the instantaneous power value per bit is "15", the 
transmission power per bit becomes "10"+"15"="25". 
Furthermore, to this value, "±1" or "0" (the control infor- 
mation is three kinds of information to set the transmission 
power to +1, -1 and keep unchanged) as the transmission 
power control information is added. Assuming that the 
transmission power control information is set to "+1 M , the 
correct transmission power per bit becomes "26". By setting 
this as ROM address, it becomes equivalent to the power 
value of the lateral axis of the characteristics shown in FIG. 
4 to "26". As set forth above, since respective of amplitude 
value and phase value are obtained, the inverted components 
of the non-linear distortion corresponding to the amplitude 
value and the phase value can be read out to enable pre- 
distortion. 

With taking the foregoing in mind, operation of the 
pre-distortion type linearizer will be discussed with refer- 
ence to FIG. 5. In FIG. 5, (1) represents control information, 

(2) represents the transmission power control information, 

(3) represents the communication data, respectively. On the 
other hand, the upper level shows reception time slots and 
the lower level shows transmission time slots. 

The transmission power control information received at 
the reception time slot TS(i+l) becomes effective in the 
transmission time slot TS(i+l). Assuming that the signal 
currently transmitted is the transmission signal of the time 
slot TSi, the average power calculated by the average power 
calculating portion 12 becomes the average power of the 
transmission signal of the transmission time slot TSi. 
However, the transmission signal of the transmission time 
slot TSi is on transmission, and naturally, the transmission 
signal has past through the pre-distortion type linearizer 9. 
In the linearizer 9 and the instantaneous power calculating 
portion 13, the transmission signal of the next transmission 
time slot TS(i+l) is input for compensation for distortion. 

At this time, ROM address for taking the distortion 
compensation data is generated on the basis of the average 
power of the transmission signal, the instantaneous power of 
the transmission signal and the transmission power control 
information (to be added). Accordingly, as a result, the 
average power of the transmission signal is an average 
power of the transmission time slot TSi, the instantaneous 
power of the transmission signal is the instantaneous power 
of the transmission time slot TS(i+l), and for interpolation 
of this, the transmission power control information for the 
transmission time slot TS(i+l) is used. 

As set forth above, when the pre-distortion type linearizer 
9 is used for compensation for the non-linear distortion to be 
caused in the transmission signal by the non-linearity of the 
transmitting portion 10, the non-linear distortion compen- 
sation data of the transmitting portion 10 is derived prelimi- 
narily and are corresponded to the transmission power in 
one-by-one basis to establish correspondence between the 
transmission power and the compensation data ROM 16. 
The address of the compensation data storage ROM 16 
storing the data for compensating the non -linear distortion is 
generated using the instantaneous power calculated from the 
I component and Q component signals to be transmitted, the 
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average transmission power per unit slot of the transmission 
signal and the transmission power control information. Then 
the non-linear distortion compensation data is taken out 
from the compensation data storage ROM 16 to provide 

5 non-linear compensation for the transmission signal by the 
pre-distortion type linearizer. 

As set forth above, according to the present invention, 
non-linear distortion in the transmitting portion of the 
mobile communication equipment is compensated using the 

10 pre-distortion type linearizer per bit (symbol) of the trans- 
mission power. Furthermore, since compensation is per- 
formed with taking the transmission power control informa- 
tion from the base station into account, more accurate 
compensation operation of the non-linear distortion can be 

55 performed. 

Although the present invention has been illustrated and 
described with respect to exemplary embodiment thereof, it 
should be understood by those skilled in the art that the 
foregoing and various other changes, omission and additions 

20 may be made therein and thereto, without departing from the 
spirit and scope of the present invention. Therefore, the 
present invention should not be understood as limited to the 
specific embodiment set out above but to include all possible 
embodiments which can be embodied within a scope encom- 

25 passed and equivalent thereof with respect to the feature set 
out in the appended claims. 
What is claimed is: 

1. Anon-linear distortion compensation circuit in a trans- 
mission equipment for controlling a transmission power 
30 depending upon an external transmission power control 
information upon transmission of a digital signal, compris- 
ing: 

compensation component generating means for generat- 
3S ing a compensation component for a non-linear distor- 
tion depending upon a transmission power per bit of 
said digital signal and said external transmission power 
control information; and 
compensating means for compensating said non-linear 
4 0 distortion of the transmission signal by said compen- 
sation component, 
wherein said transmission signal is a time slot type, said 
external transmission power control information is set 
for controlling the transmission power per transmission 
45 time slot, said address generating means derives said 
transmission power per bit by addition of an average 
power value of a transmission time slot at a certain 
timing and an instantaneous power value per each bit of 
subsequent transmission time slot. 
50 2. A non-linear distortion compensation circuit as set forth 
in claim 1, wherein said compensation component generat- 
ing means generates said compensation component per bit, 
and said compensation means performs compensation of 
said non-linear distortion according to the compensation 
55 component per bit. 

3. A non-linear distortion compensation circuit as set forth 
in claim 2, wherein said compensation component generat- 
ing means calculates the transmission power per bit on the 
basis of an instantaneous transmission power value and an 

60 average value of the transmission power, and generates the 
compensation component per bit according to the result of 
calculation and said transmission power control information. 

4. A non-linear distortion compensation circuit as set forth 
in claim 1, wherein said compensation component generat- 

65 ing means comprises storage means for preliminarily storing 
a compensation data as said compensation component and 
address generating means for generating an address of said 
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storage means on the basis of the transmission power per bit mission power per bit is calculated by addition of an 

and said transmission power control information. instantaneous transmission power and an average value of 

5. A non-linear distortion compensation circuit as set forth the transmission power. 

in claim 4, wherein said address generating means is con- is. A transmission equipment as set forth in claim 9, 

structed to generate said address by addition of said trans- 5 wherein said transmission power control information is 

mission power per bit and said transmission power control information for transmission power control for subsequent 

information. , transmission time slot. 

6. A non-linear distortion compensation circuit as set forth 16 A mobib commim j cation equipment comprising: 
in claim 5, wherein said address generating means derives . . . , _ 

the transmission power per bit by addition of an instanta- in a receivcr rcceivin g a from a communication 

neous transmission power and an average value of the 10 counterpart, said signal containing a transmission 

transmission power. ~ P ower control information; 

7. A non-linear distortion compensation circuit as set forth a transmission equipment comprising a transmitter 
in claim 1, wherein said transmission power control infor- including component which causing non-linear 
mation is information for transmission power control for distortion, a non-linear distortion compensation circuit 
subsequent transmission time slot. 15 in a transmission equipment for controlling a transmis- 

8. A non-linear distortion compensation circuit asset forth sjon power depending upon said transmission power 
in claim 4, wherein said storage means is a read-only control information upon transmission of a digital 
memory. signal, including compensation component generating 

9. A transmission equipment comprising: mcans for generating a compensation component for a 
a transmitter including component which causing nonlin- 20 non-linear distortion depending upon a transmission 

ear distortion; ... power per bit of said digital signal and said transmis- 

a non-linear distortion compensation circuit in a trans- sioD power control • information, and compensating 

mission equipment for controlling a transmission means for comp ensating said non-linear distortion of 

power depending upon an external transmission power tfae transmission signal by said compensation 

control information upon transmission of a digital 25 component 

signal, including compensation component generating . . . , ' . . , . 
means for generating a compensation component for a whe ™ n said transmission power control signal is respec- 
non-linear distortion depending upon a transmission tivel ? superimposed per time slot of the signal trans- 
power per bit of said digital signal and said external ™ tted f rom the base station. 

transmission power control information, and compen- 30 17 mobue communication equipment as set forth in 

sating means for compensating said non-linear distor- claun 16 > wherem said compensation component generating 

tion of the transmission signal by said compensation mcans generates said compensation component per bit, and 

component, " sa * d compensation means performs compensation of said 

• • *j * • 1 • 1 ♦ 4„~* *«:a non-linear distortion according to the compensation com- 

wherein said transmission signal is a time slot type, said * r 

external transmission power control information is set 35 P 0Q cn per 1. 

e ; „. ~_ 4 * . . . . . 18. A mobile communication equipment as set forth m 

for controlling the transmission power per transmission , . „ . ., t 

. .j j j ♦- j claim 17, wherein said compensation component generating 

time slot, said address generating means derives said \ t t . K . u*# *u u ■ 

. \ u-* u aau' f means calculates the transmission power per bit on the basis 

transmission power per bit by addition 01 an average . . 4 A 4 . . r r . . 

. F - * • • »• 1 . t __,„7„ of an instantaneous transmission power value and an aver- 

power value of a transmission time slot at a certain , , . 4 . . r , t # , 

f- • a ■ * * - «,™,.„i„ a „ fl ,«AK,'t n f „n age value of the transmission power, and generates the 

timing and an instantaneous power value per each bit 01 40 & r ' & u c 

, & ^ • • »• 1 * compensation component per bit according to the result or 

subsequent transmission time slot. , , . , . f . . ° 1 • c 

ia a * • 00 ^ f nr 4u i n o calculation and said transmission power control information. 

10. A transmission equipment as set forth in claim 9, . r - , . 
.... /. r , 4 . 19. A mobile communication equipment as set forth in 

wherem said compensation component generating means t . „, . 

y . * * . & , „ claim 16, wherem said compensation component generating 

generates said compensation component per bit, and said ' . r f r • *. * • 

6 4 . r r 5 * -j means comprises storage means for preliminarily storing a 

compensation means performs compensation of said non- 45 F , & f . ♦ ,1 

. j • • r . compensation data as said compensation component and 

hnear distortion accordmg to the compensation component ' c 1 .. ,, r - 

cr . . o r r address generating means for generating an address 01 said 

^l- 1 * 4 • • • . t e ^ u • i„« in storage means on the basis of the transmission power per bit 

11. A transmission equipment as set forth in claim 10, * . . 1 . c . r r 
, . . , V * , n .* ^„„ c and said transmission power control information. 

wherein said compensation component generating means A , M - *• * * * *u • 

, , 4 4U * • * « 4L, i_ * f fn 20. A mobile communication equipment as set forth m 

calculates the transmission power per bit on the basis of an 50 . 4ft . , 

. . , 1 claim 19, wherein said address generating means is con - 

instan aneous transmission power value and an average ^ iaAl " *. ; wuvl " . , , , t jj V r ^ * 

. - , . . ^ , « *u ^ structed to generate said address by addition of said trans- 
value of the transmission power, and generates the compen- . . & « . « » . . • • . . 

. Q ™ 0 mission power per bit and said transmission power control 

sation component per bit according to the result of calcula- . » 

tion and said transmission power control information. "^J 111 * 10D V -, . ( - , ( tU . 

^ . . . . . . . „ 21. A mobile communication equipment as set forth in 

12. A transmission equipment as set forth in claim 9, 55 , ™ lliUUL1 ^. * ' ' M J , . . 

, . ?■ 4 . claim 20, wherein said address generating means derives the 

wherem said compensation component generatmg means ^^ ^w^ixu & & 

comprises storage means for preliminarily storing a com- transmission power per bit by addition of an instantaneous 

pensation data as said compensation component and address transmission power and an average value of the transmission 

generating means for generating an address of said storage P 0W f r \ , ... 

means on the basis of the transmtsion power per bit and said 60 22 ' mobllc communication equipment, comprising: 

transmission power control information. a receiver receiving a signal from a communication 

13. A transmission equipment as set forth in claim 12, counterpart, said signal containing a transmission 
wherein said address generating means is constructed to power control information; 

generate said address by addition of said transmission power a transmission equipment comprising a transmitter 

per bit and said transmission power control information. 65 including component which causing non-linear 

14. A transmission equipment as set forth in claim 13, distortion, a non-linear distortion compensation circuit 
wherein said address generating means derives the trans- in a transmission equipment for controlling a transmis- 
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sion power depending upon said transmission power 
control information upon transmission of a digital 
signal, including compensation component generating 
means for generating a compensation component for a 
non-linear distortion depending upon a transmission 
power per bit of said digital signal and said transmis- 
sion power control information, and compensating 
means for compensating said non-linear distortion of 
the transmission signal by said compensation 
component, 

wherein said compensation component generating means 
comprises storage means for preliminarily storing a 
compensation data as said compensation component 
and address generating means for generating an address 
of said storage means on the basis of the transmission 
power per bit and said transmission power control 
information, 

wherein said address generating means is constructed to 
generate said address by addition of said transmission 
power per bit and said transmission power control 
information, 

wherein said address generating means derives the trans- 
mission power per bit by addition of an instantaneous 
transmission power and an average value of the trans- 
mission power, and 

wherein said transmission signal is a time slot type, said 
external transmission power control information is set 
for controlling the transmission power per transmission 
time slot, said address generating means derives said 
transmission power per bit by addition of an average 
power value of a transmission time slot at a certain 
timing and an instantaneous power value per each bit of 
subsequent transmission time slot. 

23. A mobile communication equipment as set forth in 
claim 22, wherein said transmission power control informa- 
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tion is information for transmission power control for sub- 
sequent transmission time slot. 
24. A mobile communication equipment comprising: 
a receiver configured to receive a signal from a commu- 
nication counterpart, said signal containing a transmis- 
sion power control information; 
transmission equipment comprising: 

a transmitter which includes a component that causes 

non- linear distortion of a signal- to-be -transmitted; 
a non-linear distortion compensation circuit that is 
configured to control a transmission power of the 
signal-to-be-transmitted depending upon said trans- 
mission power control information upon transmis- 
sion of a digital signal; 
a compensation component generating unit configured 
to generate a compensation component for the com- 
ponent which causes the non-linear distortion, based 
upon a transmission power per bit of said digital 
signal and said transmission power control informa- 
tion; and 

a compensating unit configured to compensate said 
non-linear distortion of said signal-to -be- transmitted 
based on said compensation component, 

wherein said transmission signal is a time slot type, said 
external transmission power control information is 
set for controlling the transmission power per trans- 
mission time slot based on a reception time slot at a 
certain timing, said address generating means 
derives said transmission power per bit by addition 
of an average power value of a transmission time slot 
at the certain timing and an instantaneous power 
value per each bit of a subsequent transmission time 
slot. 
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